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Torres trial photograacietry with a camera taxing 
a continuous picture for 3G0° around a point and the wet hod 
of plotting from the resultant positives by the use of 
transparent overlays was studied* Conclusions readied wore 
tent the method used definitely shorten* the process of ob- 
taining topographic raps frou photographs and reduces the 
calculations and wor:c necessary to produce a map of sufficient 
accuracy to be of practical value. 
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i: Titc>LCCTiv.i; 



The sclonce of pr otoyrauTictry , rr, lie not a now 
or untried ;.et hod of nap construction. Is novertixlosa one 
of the l*saer known fields in t.*e broad expanse of a 1 ' o Jectn 
covered o; Civil hnjinoorln > This undoubtedly ste; a par- 
tially fro«i the fact that maps node b; this moti.od require 
not only t c usual field and office equipment nocessarr- for 
the jeneral run of topographic work, but in addition, ox- 
pcnsl.e cameras, ard a host of related equipment* \11 of 
which usually brin ,s the cost of producing fci.o sou to ouch 
a prohibitive figure that only the largest concerns can af- 
ford to own this equipment and take advantage of the saving 
in time that photograa..otry provides. 

Terrestrial photo 'ran. etry tends to Unit itself 
to a more specialized field t'an does aerial pi ctogra’Huetry 
s In )ly because sons areas are definite!, rot suitod to 
photography from the ground • Heavily wooded arons, or moun- 
tainous terrain with rapid chan O os in elevation, for ins tar co, 
would be difficult to photograph because of light conditions, 
or inability of the camera to "see** far enough to out .© the 
resulting photograph of practical use. In areas with moun- 
tains and valleys it may be impossible to so locate the 
camera that all of the area required will be within the field 
of view. 
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There are cases on record, however, w* ere terres- 
trial phetogra'smotry wos employed with ft great deal of suc- 
cess in rugged torrain where ordinary surveying method* 
wo sld hero beer United because of short availability of 
good weather in which to work. In the years 1911-14, a topo- 
graphic survey was oeao of various regions of Alaska, by the 
^ • G. Geological Survey, including the fort Valdes and ’sroafi 
’I'ass areas using tho methods of terrestrial photo ;ra~. . a try 
covering approximately 12,201 square miles and saving ar. es- 
timated one quarter to oro third the cost of the usual plane 
table met nod*. 

At tfce present tide, tho method usually employed in 
taking pictures for terrestrial wore is to use a large film 
or olats came: a mounted on & tripod or other steady support 
and take pictures about tne point occupied until ©rough have 
been obfcainod to cover the desired area. Some method :.nst oe 
provided to rotate the camera a_out the vertical axis in order 
that the tripod remain undisturbed and the height of instru- 
ment revs in constant for the series of pictures ta ,r c^ about 
the point. This system has tho ouvloua disadvantages of car- 
rying several j late or film packs into the field, the possi- 
bility of not taking sufficient pictures around a point and 
thus excluding important data that rJL^ht not bo noticed until 
later in the office, and tic necessity for unv ing an accurate 
view finder which again might result in leaving out important 
data. In addition, it might be said that at best, only the 



central portion of the photo r« ;-h should bo used, -r'uere ac- 
curoto measure onto are desired due to the inherent distor- 
tion acquired Ir, taking a t. ree dine sloaal view and trina- 
fering it to a largo, flat plate, plus the distortion In the 
lens • 

After the pictures arc taken, developed and printed, 
It bocor.a* necessary to proceed trrorgb a x’athor lonj and 
co .plicated procedure uelore the objects In the pictures are 
transferee! to the nap. Essentially this consists of orient- 
in^ t.^e pictures or picture traces with reference t' fc^o 
point occupied; piecing oo»<* con on object on at least two 
pictures t >ken from different polrts; determining the dis- 
tance froa the principal lire of tno xicturo to the ir-ago of 
the object on the two pictures; setting off these distances 
on tho picture traces; connecting, on the nap, the joints 
occupied and tl 9 inage distances previously sot off on the 
picture traces to produce two intersecting lines that \ ill 
locate the object in question. It nay easily be soon that 
this .aay become a rather laborious procoso, especially when 
tho area covered is somewhat large and a large number of 
‘ pictures are used. 

The authors, in conjunction with hr. J. h, . unser 
of tho Civil Engineering Department, Rensselaer ?olyt- c!»nic 
Institute, have devised a type of camera and method of ap- 
plying the resultant piefcuro wi loh they believe will elimi- 
nate several of t e steps listed above as well as some of 
the inherent disauvanfcn. fts of the film pack or pli te cetera 



previously discussed, briefly, the ca-iara consists of a 
revolving olenc: t carrylr n fllat magazine and le..s system, 
a -iG the flit magazine carrying a lon^ strlo of flic a. tier., 
when properly exposed, results In a picture that Is con- 
tinuous and complete showing all the objects visible to tne 
camera for a complete revolution about the point occuoled. 

The oicturc from the camera Is about thro© and one half 
feet Ion* and six inches wide, providing a picture lar^e 
ero : ;h to get accurate detail without enlargement * The Im- 
mediate advantage of tula ca .era is seen to be the ability 
to include everything within, rang© on one expos ire a^d one 
setup. The fact that the c* - c a may be loaded for more than 
cr c exposure precludes the necessity of carrying extra plates 
or film packs into the field, thus making one los.- item to 
handle. The design of f e unit utilises only the central 
portion of t e lens in a torisontal direction, hence the en- 
tire picture is useful for plotting data with the possible 
exception of the extreme upper and lower portions. Those 
portiors of the picture are o.t little consequence in the 
usual terrain encountered ir terrestrial phot ograrzee try 
since they consist of sky on one hand and objects extremely 
close to the camera on tie ether hand. 

The plotting procedure is simplified by tue use of 
a transparent overlay which Is ruled In a vertical direction, 
intervals between the lines indicating a definite angular 
rotation of the camera. Tills overlay is placed over the com- 
pleted picture, which will contain one or more known points 



previously plotted as a control systOu-, the overl*. is 
oriented with respect to no..:. points and angular dif- 
ferences between ti e known points and unknown ojjcct* 
lisasured. Ith a protractor, then, it is possible to trans- 
fer t angular newaure or t from tho overlay to the plot tin j 

s' oct. It is believed that thir >;cfcLoci will s- vo ti ..o a- d 
trouble in tho office, si-’ce fewer pictures c.re take . there 
will bo loss confusion o-rl nr the plottirj, and core detail 
can bo obtained fro® one set of pictures. 

Inasmuch as the design and construction of the 
Cfciiora occupied a considerable portion of tne ti a allotted 
to the pursuit of thesis work it bocarLO necessary to cur- 
tail work on the mp project near the end of the semester. 
i*'or t! is reason, only two picturt‘3 <>ere ta« on from known 
points, m.d these on the football field at Rensselaer Roly- 
tec nic Institute. It was felt that these two pictures with 
the resulting map, would illustrate the problem at aancl and 
tho procedure sufficiently to prove the worth of the SCO 0 
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THEORY A;*D DESIGN OP CAITEKA 



TliJEOHY A.iD Ot t-h .an 



Theory 

It is Intended to describe only those points of 
theory that differ from conver fclonal terrestrial ohoto- 
raccsetric theory. 

It is believed that the theory of the camera can 
best be explained by first considering a simplified cetera, 
and altering it stop by stop until the actual camera is 
achieved. 

Let us first consider a camera using a pinhole 
a3 a ler.a, and bavin.; its Film carved along the surface of 
ar. imaginary cylinder with the pinhole on the axis of the 
cylinder, as in Fig. 17-1. 

If a picture wore nade witi. such a ca; e a, the 
icturo containing objects A and B, the horizontal component 
of distance along the arc separating images a and b is equal 
to fZ, where 2 ia fcho horizontal angle, between rays to ob- 
jects A and B, in rodiars. From elementary photographic 
theory, the radius f is the equivalent focal length, a term 
usually applied to a lens or system of lenses, but equally 
applicable to t..e arrangevert illustrated. 

l«ow lot us imagine a focal plane Sautter installed 
in t'..e simplified cauora. The focal plane shutter consists 
simply of n shield with a narrow vertical slht in it, 'laced 
directly in front of tie f Hat, as In Fl t> . I’ -2. 
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The shutter anc pinhole revolve about n vertical 
axis 1; rough the pinhole; t e film regains fixed. It is evi- 
dent that tt e use of a s utter of this type has o effect on 
the position of images, so long as t ie objects belr , Photo- 
graphed rave* in fixed. 

here it not for certain practical difficulties, we 
might conceive of extending the film to form a complete cylin- 
der as in Fig. I’ r -3, thus obtaining a picture of all cbjocts 
in the vicinity and not above or below the field of view of 
the camera. The length of film required to form such a cylin- 
der would bo the equivalent focal length multiplied by the 
angle in radians of a full circle, or 2rrf. Aside from the 
inherent bulhinsss of such an instrument, the principal ob- 



jection to it is the absurdity of passing light through the 
film on the opposite side of the cylinder from tho vertical 
slit, the film being barely translucent and also rather light- 
sensitive. 



Since, however, only that part of the film whic: is 
directly behind the slit is to be exposed at any one instant, 
the position of the rest of the film at that instant is un- 
important so long «c it is protected from exposure. The re- 
quirement la that the part of film being exposed have t* o 
same position and motion relative to the slit that It would 
have if it formed a cylinder as In fi IV-3. 

One way to acconnllsh fcr.io Is illustrated in 
Fig. IV-4. The gear of oltoh dianotor 2f remains fixed, while 
tt e car of pitch diameter 2r and tho files driving drum of 
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radius r rotate and revolve '-bout it. Thus the file above 
ti.o tangent point of t, e ^tar pitc ciroles occupies the 
o- © position as it would if it forced a cylinder oa in 
Fi IV-3. 

Gcar3 of sIecs .oro convenient to use a^cl rrovo 
rent'll obtainable than t ,ose In ri»j. I' ; -4 aey be used to ob- 
tain t*,c sn e ofioct, six.co so lor j as the je- r ratio r/f is 
r fcained, the amount of fllr 3*ost’.j the slit i* £Fi {f/r)= Sxrf 
for one revolution about the stationary jear* "’he resulting 
dislocation ol tie pinhole fro t.x center at rotatto • , and 
ti o fact that the curvature of film during exposure la more 
pronounced and opposite to tne theoretically correct curva- 
ture, arc of no consequence so far as horizontal distances on 
the picture are concerned, and have little effect on vertical 
distances. The substitution, for the pinhole, of a more 
practical lens system, and the addition of such accessories 
as drive ?cec xanlsm, provision for levelling, film handling, 
li 0 ht shielding, and support, complete the change from tne 
simplified oa.aera to the actual instrument. 



Deal, rn 

Fortunately, the t aory developed for tu© camera wr 3 
such as to allow considerable freedom in design, taaicirn” pos- 
sible fcho use of materials and parts most readily available. 

It was decided to use a lora system of doc, crate 
speed and with a focal length of six to eight inches. /. car-era 
with an excellent f/f.3 Ions ayste and a nominal focal lengtt 
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of 170 in-., «a o located a' d pure .a sod. r "to actual equlvtilc nt 
focal length was found to bo C, 55” by a letnt ■' *It liar to t-vt 
described Ir a thesis by Reynolds and Cnllto’ , .cnsselser 
'‘olytochnlc Institutes, 1945. 

The stationary ear, its planetary car, and ti.o 
sprocket drum diameter were chosen simultaneously by trial 
and error to fulfill _,ear ratio require, cuts as sot fortn in 
ectio.i 1 V- A , to give an integral number of sprocket teeth, 
for availability of .ears, and for various desirable physical 
details. The following were chosen: 

Statio' nry gear: 192 tooth - 6" .'Itch Rin oter - 

52 pitch 

Planetary gear: 50 tooth - 15/16" ’itch klsmeter - 

52 pitch 

Sprocket: 20 tooth - 2.046" !>ru» Llnmetor 

It will jo seen that in one camera revolution , tie 
pl&rotnry gear and sproc et will move through 192/50 = G.4 
revelation then equals (sprocket revolutions) r (nun er of 
snroc .et teeth) x (center to center distance between film per- 
forations), or 6.4 x 20 x .5214 = 41.15". Since 2?rf - 2 tt(G.5S) 

Z 41.0", the requirement tint lenth of film per revolutioi 
equal 217f has been fulfilled very closely. The slight difference 
between actual and theoretical length of film causes nc error, 
since film length rather focal length is used i» bearing 

and distance ccr.pu tatA-ers . 

It was decie.Gd t'< at a ca.ora rotation speed of 
about 2 r.p.ra. would bo a reasonable cctr.promlse between vi- 
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br-fcion ollminat’on and eco ,ony of time, 
c.-oso baa a nameplate s e>.d of 3000 r.p.m., the rtq lred 
tot 1 -oar redaction was 5000/2 or 2500/1. Aince " red c- 
tior of C.4/1 between the -tatlonary /tr and its planetary 
ear had Peon fixed, t* e redaction required of t* 0 reuain- 
in . drive jeer train was 2501/6.4 or 300/1. *ctu»lly, a 
400/1 ratio ' as used, consisting of two 20/1 worrr gear . ta 
in series. One single thro d and one double thread wor 
were used 30 that speed could be doubled or hrlved if t As 
aroved necessary, without resettle.- bc'rln-, 3 , by merely sub- 
stituting a double for a sin 'le thread set or vice verse. 

The tine of one revolution, then, cased on motor nameplate 
data, equalled 6.4 x 20 x 20/5000 or .512 -.Ar., or 50.7 
seconds . 

Trial pictures made with the Kastman Autographic 
Camera as purchased, us in 5 , pieces of the snuiO film Intonded 
for U 3 Q in tic panoramic camera to be constructed, shewed 
ti-at an exposure time of 1/100 second gave excellent results 
for expected avers © light conditions at approximately f/ 10 , 
loading the Instrument capable of adjust ent for 1 i it condi- 
tions brighter or darker than t..e expected avers o. The ex- 
posure time of the panoramic camera is equal to the time for 
one camera revolution, raultlolied by the ratio of slit width 
to fll. length for one revol tion. Then, 1/105 sec. * (50.7 
sec.) x (slit width)/41.1” , and slit width equals 41.1/50.7 x 
100 , or .0154”. Provision was made for varj ln._, slit width 
fro;, zero un to about . 12 o" to ac cor- nodate future adjustments. 
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I’or tie sa<ce of greater ceoth of field, it was liter decided 
to increase slit width -and exposure ti e, ualn^ staaller aper- 
ture settings, Slit width was made 1/16", brin«,Ln ; ex .os ire 
time up tc 1/25 sooonu. 

The floxible belt drive ratio was calculated oo 
that the belt would tend to drive the to :c~up reel faster tian 
tie film feed, would permit, thus keening tension on the ta>:c- 
up end of t e film, Tension is insured or. the otter end by a 
dra 3 on the loading rod 3 ’ eavo. All b enrs and s. es\c9 -ere 
located below the magazine to minimize the possibility of 
l.i*rt leaks and to keep the agazino as 3 .all as possible. 

Tno gearing arrangement ms designed so as to make the maga- 
zine readily removable without disturbing its lighfc-tt ^htuaea , 

The overall layout of camorn part3 was c nosen for 
simplicity of construction and convenience In use, rather feijsn 
for conformity with standard kaclino design practice, outward 
appearance, or Inherent mechanical balance. The location of 
batteries well forward was of considerable help In balancing 
the camera, placing the center of gravity above a "joint well 
within the area of tre levelling head base. 

Since practically all machine work was dorc by the 
authors, only layout drowlr s were made, details v/ero worl od 
out in tS.e shop as work progressed and mechanical tolerances 
were determined by fool during hand fitting operations, keep- 
ing in ntr<<5 the functional require ents of the individual as- 
semblies, For example, a slight a . ount of binding was tole- 
rated in the fitting of sprocket to film, ana between the 



stationary ..ear and its planetary q ear, in order to Insure 
a^alrst bsctdash between fil* *. otlon and camera rotation; 
c t .e other Land, the drive i,ear train was mcjhed rat .er 
lo soly to insure that the .otor would not be overloaded. 

The desijjn for provision of support, levelling, 
and li^ht-ti jntness will oe evident from the descrlotion of 
the camera in uectioa V-A* 
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uciio** vI'to of lit- • lot® relative *ositlon of 

"icc'-t drive et to -, f- -ii’* reel drive oc 1c t t ti .d ’:st od 
: 5 ... I; tc^si©'* or ' \c: o->'-d fll:- rc*l* 
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v -1 -'runt vlusr « Levin-, tri. o 6 a.j<2 camera 
nccnfced on levilin^ Load. 
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’ho word cs^ora s uaod heroin sea us the or tiro 



#a O'/, ly, except for the tripod or* whicl It Is mounted, 
used for resting an exposure, It might logically be divided 
into four parts, na ely, lens and s’ utter assembly, film 
naj'Zi.o, fra.e aaacr.bly, and levelling head. 

Lons and shutter assembly : This consists of an 

Lastraan Autographic ca era, with an f/6.3 anastlgnat lens 
sy* ter. of nominal 17 0 ram. focal length, complesto oxceot for 
tho removable back, film spools and fron catch. A stop was 
irstalled for case In focusing at Infinity; a gasket was 
added to tho rear to eliminate light leaks botvocn it and the 
film magazine. 

Fils* to uazlno: This consists of a box fabricated 

of 1/4” G1 GT Aluminum, assembled with aluminum angles and 
screws. The box is roughly an eight inch cube. The two 
sides are gasketed and secured with wing nuts of easy removal 
and assembly in the d&rkroo... Tho front has an opening for 
adLr.is3.ion of light from the lens system, and olips for hold- 
in^ the Jastman Camera in po&ition. On top are the level 
vials and three bearing cays which hold tho bearin g in place 
arc. exclude li u ht, Inaiio at the rear aro two fil . reels 
mounted vertically; forward of the film reels is tho s 'roc- 
keted dnsr. A shield With a s^It of adjustable width is 
mounted directly In front of the drum. The nnleld is uo-mted 
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i l ( ;» V-3 Top view of filet "a^azino* liote 
rl«t« containing focal plane silt "tearing 
* gainst sprocket draw* 
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on vertically axed hinges at cue aide, and a bellows of 
rubber connects tie vertical slit and the opening in t'a© 
front cf the tagaslns, arc! also holds the shield a -alnst 
the fils* during operation. 

The shafts of t- e reels and sprocketed drum ex- 
tend through bearings below the bottom of the box. The reel 
shafts carry sheaves for maintaining film torsion as pre- 
viously described. The drurt shaft carries a sheave which 

i 

is belted to the take-up reel sheave with a flexible bolt. 

The drum shaft also carries a worm gear which, when the 
ssagaslne is noun ted, meshes with the second worm of the drive 
gear train. The dram shaft also carries the planetary gear 
which mates with the stationary gear. 

The Inside of the nagasino and parts mounted there- 
in have been blackened either by a chemical process or by 
painting, depending on whether or not their dimensions were 
critical. 



Pra.-'O assembly ; The frame consists of two side 
plates held by angles to & bottom pi .to. Its pur pot c is 
to transmit the loads from the a&^aaine, lens asoc -ly, 
drive mecu&r.lSK, and batteries to the leveling head. Ti e 
batteries which supply the motor arc mounted well f orw r rd 
between the side plates. The motor is mounted on the right 
side plate, and its Shalt can I s t. a first wort; of the 
driving train. The ball bearing mounted cross shaft extends 
through the right side plate to curry a wont gear wuich 
meshes with the motor worn* 



On fcne cross shaft, midway bo 










«• • •• r • — * -» . «iih 

































twe . t.'© aid# platas, 1/ t c second worn of the drivlrs j 

train, whicl , wher the nn wslne is counted, race les with the 
wore ,ear counted on the dmc shaft, ?:•« notor is Provided 
with a pis button switch at the end of the flexlole leads, 
to which is secured a removable cablo release for tie ca ora. 

Leveling l end t This la simply a standard, fairly 
rugged leveling I «ad frov~ an sntlqi ated transit, stripped 
dotrn to expose the top of t! e flanjo of the xippor notion 
taper. The botto- piste of t c fra„.e is secured rigidly to 
tills flange. The Upper notion taper then turns aa the canora 
rotates in oporotlon, the lO' er motion z’Onainln? clanpcd ex- 
cept during the leveling operation. The stationary "ear is 
fitted to a projecting rin 4 j at the top of the flange of the 
lov/cr notion taper# 



D. field i-onlonent 



The field equipment described herein refers only 
to that equipment actually used in conjunction with the 500° 
camera and not any additional that may have been used in the 
laying out of control* Since control Biay be laid out in any 
one of several ways. It is felt that a discussion of such 
wore Is outside the scope of this thesis* 

In addition to the camera Itself, the following 
pieces of equipment were used: 

One Standard surveyors field notebook. 

Range poles to bo used as targets, equipped with 
white cardboard racked near the top of the 
range polo to aid in identifying it in the picture. 

Exposure meter. 

Flexible ateol rule. 

Plumb bob, pencils, etc. 

Since the earners as assembled on the tripod la a 
rather heavy piece of equipment, weighing about 45 pounds, to 
bo moved readily, it was found that three non form the best 
party when working in the field. Hies a mi$ht be classed as 
Photographer, whose duty is to care for the camera, levelling 
taking the picture, supervise the placing of the targets, 
and see that the camera is oraperly transported to the next 
locution; hotekeeoer, whose duty is to take comorchcosive 
notes on each station occupied, light conditions, height of 
instrument, lens opening used, and aid the Photo^rap her in 
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the transportation or th© cn^era; Assists? t, whose duty 
la to place the targets as directed by the Photographer 
arid maintain than* tn such a oslticn that they will pro- 
duce a readily identifiable lma^e on the print. 



£•. room I.qulp’,,enfc 



As previously noted in tbo section of Theory and 
Design of ti e Camera, one of fcho factors in the design was 
the width of available film* Since this film was about 
twice the width of the film which was to be used in the 
camera, a cutter was devoloped which could be used in the 
darkroom and yet cut the film with sufficient accuracy to 
be used in the film Magazine without further triaging* Al- 
though this cutter has no part in the processing of the film. 
It was thought t’. at it should be mentioned in the event that 
available commercial film docs not fit the sprocket drum or 
the film reels in the film magazine* 

In addition to the cutter, the following items 

Yifore used: 

Government surplus film developing unit, with 
set of three nesting stainless steel tanks and 
reversing rools* 

Throe white enameled trays, 11" x 14”. 

X^arge piece of plate glass for making contact 
prints, about 12" x 40". 

Toweling, or other material for placing under 
the plate glass to Insure good contact between 
the printing paper, film, and. glass. 

Timor, measuring graduate, stirring rod, thermo- 
meter, and blotters. 

The chemicals used In process Ir; the film and 
paxsr were commercial products, readily obtainable at any 
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Photographic Supply store. 



or fil«, D« >& tjpe developer and Acid hypo with 
hardener were used, 

i’or the prints, icrodol, a D-72 type oX‘ dovolcpcr, 
Shortstop with an indicator, and '-eld hypo with 
Hardener wore used, 

Tho paper used for the prints was Azo h-2, single 
weight, smooth, glossy, in a roll 10° x 50* . 

This provided enough paper for twenty four prints 
with sufficient paper left over for tent strips. 
The original intent was to use double weight 
paper, but this was unobtainable at the time. 
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I>. "appln . . qulpncnt 

Happing nay bo performed using none other t an 
standard drafting equipment. Additional Items widen wore 
found helpful were two transparent overlay grids divided 
horizontally into 360 equal divisions In 41,15”* One di- 
vision then equals one degree, 

Since the method of determining elevations la 
the same for this type of equipment as for conventional e- 
quipment used in terrestrial photo gramme try, no elevations 
wore plotted and the grid was not divided vertically, Koeon- 
isendafcions concerning procedure in determining elevations, 
however, are Included In the section on recommendations. 
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1. Focal Length Determination 

Two methods were uaed to determine the focal 
len th of the lens syaten used. Inasreich as the focal 
length played an Important part in the design of the camera, 
it v'as necessary to dot on ire It with a fair degree of ac- 
curacy* This was done in one Instance by direct ueasiirctsent, 
focusing on an object far enough from the lens to be con- 
sidered at Infinity and measuring the distance from the lens 
to the ground glass focusing screen. A checic on the focal 
length as determined in this vrny was made by taking a pic- 
ture with the camera focused at Infinity, measuring the ac- 
tual distance between two objects In the picture, the dis- 
tance from the camera to the objects, and the distance be- 
tween the images of the objects on the film. Knowing this 
data, the focal length may bo computed using similar tri- 
angles. 

Data for these focal length a e t e rmln a t i o;i a ap- 
pears below: 





Direct 


Veaeurem 


ent 






1 


2 


3 


Av. 


Back Focal Length 


0.08” 


G.oe” 


6.37 n 


6.07” 


Front Focal Length 


7 *36” 


7.35* 


7.35” 


7.35” 


cd 


1,35" 


3.40” 


£.42” 




ab 


.57” 


£.11” 


1.14” 
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6.07 4 7. 35 



C.71" Average ocal Length 



Picture Plane . cthod 



Two pictures ta’ccr. fro.* r lch the following data 
wore obtained. 



negative 1 


ah 

5. 30” 




cd 

.34’ 


Negative #2 


3,36” 




,34' 


ab 150.9. 
fl 270.0 


fi 1 r 0.52”, 


rip * 


6.52' 


cd .ja^TO, 
ft 560.0 


fl r 6.55”, 


n 2 = 


6.55 



6.55 *■ 6.51 



6.65" Average Focal Length 

















-aj 












n 



« irH ; fa *4**11 - 4 * 

* yil ar .JS dC^J^ • ,r * 









object 




Front Foc al Length 



Back Focal Length 



0 



h 



ah' 



cd 



ground 

glass 



Fig. 71-1. Focal Length Determination by 
Direct Measurement. 



360.0’ 



270.0’ 




‘ ~18 . 70 ’ 

159.9’ 



Fig. VI-2 



Focal Length Determination by the 
Picture Plane I/ethod. 



2* FI In Speed Determination 

Sine© the film to bo used was ’mown to be Aero 
typo, it vras assumed that It had a fairly fast o .ulslon. In 
order to find the approximate speed of t'-’S expulsion several 
strips of tost fila wore exposed in a camera, similar to the 
one uaod on the 360° unit, at varying lens openings, the 
shutter speed remaining constant. Unfortunately, no exposure 
meter was available during this run, hence no evaluation of 
light intensity was mad® other than could he observed* 

7, April, 1040, 2:30 pai, clear and bright, medium 



sun# 


Tost Strip 


f Value 


Shutter Speed 




X * 


8 


1/100 th sec. 




s« 


11 


1/100 th soc. 




3# 


16 


1/100 th sec. 




4* 


22 


1/100 th sec. 




5* 


32 


1/100 th sdc. 




6* 


64 (approx.) 


1/lOQth sec. 



Developed in h*« <,* Developer, 11 ninutes at 69° F. , 
Was red in water for £ minutes. 

Jixed In Acid Hypo for 3 minutes . 
hash 30 minutes in running watert Dry. 

Result® s Settings at f/11, f/16, and f/22 pro- 
duced good definition and detail wit*, best results at f/10. 

3. First Trial Hun 



26, July, 1943, cool with hi.jjn overcast, sun 
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breaking t.rough intermittently, light a • do w. Cv:oia loca- 
tlo , approximate center of football field, Rensselaer Poly- 
technic Institute. It wits decided to change tne lens open- 
ing aboat every 60° of anjular rotation to caecx on the cor- 
rect opening for this light condition* 

f value Aroa Covered 

6.3 fill, Dintn^ fall, and 

East end of football field. 



•J East end and center of brick 

bleachers . 

11 Center and West end of brick 

bleachers. 

16 Greene Building and Fast end. 

of foot ball field. 

22 Sago Building, and Troy Euililn 

32 Ricketts Building. 

64 (approx.) Gym and East end of football 

field. 



Developed in D-76 eight minutes at 78° #’. 



% ash throe minutes in running water. 



Fix ten minutes in Acid Hypo. 

Wash thirty minutes in running water. Dry. 



Fe„ ;atlv6! Beat results obtained from lens opening of f/16. 
Useable negative 'from f/11 to f/22, hot/ever. If care la 
used to vary exposure when making contact print. 



4. Second Trial Ron 

The second trial ran was mad* for the purpose of 
determining the true horizontal axis of the camera. This 
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ts 3 done bj scribing iiro« en a Lee® of transparent t i- 
terlml and securLr. t Is to the • luoir v. plate for.ii ^ tue 
foc-il plane slit in tie a:r roxi jate loc • tion of true bori- 
so. t 1. The trial loc«»tie . v s deter. ' cl by c«roi.ul oatl- 
aLutlou o„ the picture o’otai od fro- the first trial run, 
hw owing tie location, ap; roxi <. te 1 eight of t’ e camera, and 
height of the front brio' wall of tie bleaclers# 

Location : Football field, 14." #i#., 2'J, July, 1348, 

hot and clear# Light value: General 1 lectrlc 

li^ht net or type DL-53, cover closed, 10 foot 
candles • 

hqvlpner.t : frociso level Ko, 143, two level rods, 

earner?. 

Procedure i Determine height of level, V eight of 
camera, secure one level rod at end. and of foot- 
ball field a«d set targets to correspond to the 
height of fcl o Ic. s of the camera# 

Dates Height of level 4.004’ 

:i ighfc of camera 4*305’ , D.E. ,050’. 

Lons setting, f/16 

It was found that the lino corresponding to the 
truo l orison tal axis of the camera was the fourth lln# from 
the bottom line of the lines inscribed on the transparent 
material in plac© rather than attempt to reset the correct 
lino after removal of the others# 



. 

• m m I 9 * Wi .«/.* ..h, iMd -Cl ^ 

‘ 

, f l !* jtil | 

. 

i lakl 



• bird Trial n 



5. 



»»Ue for t e purpose o f . cqalring cl^ta for pl:t- 
tla , 01 a map, but die to errors in setting up and operation 
of tie ccu.era the d'fca obtained had to be discarded. 



6. Fourth Run 

Hede for the purpose o*' acquiring data for plot- 
tin ; rap, 13, August, 1043, overcast and light sun, ®aru and 
sultry. 



Location? Football field, n.f.I. 

Data: "“Irst - act-no . Occupied b.’ . A-3 at west 

end of football field. Light condition 20-25 fc. 
H.I. 4.0*. Lera Opening f/16* Target at D.'-* 
3-5. White card on range pole. Caaera ooeratod 
for full revolt- felon, 

- Second net-up . Occupied B.J», £-3 at east 
end of football fiold. Light condition 20-25 fc. 
H.I. 5.0* « Lens opening f/13. Target at 3.L. 
A-5. bhlte card on range pole, Camera operated 
for full revolution. 

Developed in B-7<3 fifteen minutes at 70° F. 

Wash two minutes in running water. 

Fix seven minutes in Acid ilypo, 

Wash forty five minutes ir. running water, fry. 

On examination the negatives scorned satisfactory 
but an attempt at printing slowed sufficient over exposure 
on the first set-up, A-3, to make a retake advisable. 
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7. Fifth R' :r 

ade for the purvose of obt nixing •« better n« stive 
than was obtained fron t-. fourth run o occupy In.-, 3. . -3. 

13, August, 1343, bright s • , war . 

Location? Football field, P. ?. I, 

Da ta : Occuulod S.’« A-3 at west end of football 

flold* Light condition £3 fc. H.I. 4.7*. 

Lens opening f/22, Target at B.r. -3, white 
card on range pole. Ca- era operated for full 
revolution. 

Developed In D-76 fifteen .inutes at 72° F* 

'••ash ten seconds in ru.n-.ing water. 

Fix eight nlrmtes in Acid L/po. 

^as *ed cno hour in running water, ^ry. 

Tho negative fron this run produced better pictures 
t'.ian that fron run four. 

’ron records In the Department of Civil lin lneerlrig, 
bearing froi P-S to A-3 235° 42* 20 H . Distance GlO.hg*. 
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PROCUf 1> . -3 

A. Caro and operation of Caver* 

The precautions con. only exercised in handling 
and storing surveying instruments and photographic equip- 
ment are applicable to the camera; that is, ey.coeaive shocks 
and exposure to extremes in humidity and to. porature are to 
be avoified, and the Instrument should be kept clean and well 
lubricated* The only parts t!i&t way require care other than 
is readily indicated by their nature are the -years, sprocket, 
and leveling head tapers. 

Due to their exposed position and the fact that 
some of them are of stoel, the gears may tend to collect 
dirt and rust. A coating of Medium grease containing a rust 
inhibitor will prevent rust at ordinary temper -tureo* The 
gears should bo kept scrupulosity clean, sii.ee particles cf 
foreign matter in them can cause roughness In camera operation 
with resultant light streaks in the pictures. Ordinary 
medium oil is satisfactory lubrication for the gears. 

Oil Las not been found satisfactory for lubricating 
the leveling head taper. Due to considerable v.el ;ht of the 
camera, parts above t* e lovolln^ head, a medium to heavy reftsa 
was used and considered satisfactory for this purpose. 

ho special care need be accorded the sprocket un- 
ices for cr c reason ifc i rr ored fro the i'll .agaalne. 

In t’.At case e or alder* i»le c -re :ucfc be t* ©n to avoid da. ag- 
in; the teeth, whlc are of aluminum and t' crefore q--.it soft. 
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It I* recorsverded fc ! at tie leveling Lead and fr* o 
units bo kept as-'ombled toget er at nil ti es, likewise tie 
lens and shutter as-e kl;: a f*l«. uAgazlr.e, 

Procedure for setting up ar ' ©p«rati: ■* t' « ca era 
Is as follows t 

1. Set uo tripod. 

2. ' oun t leveling Load and fro m assaably on 
tripod. 

5* Locate over control point, using plumb bob. 

4. ttount magazine and lens asse bly, ta -ing care 
not to damage the gears In cabing. 

5. Check gear e* h by turning motor over by t* „.d. 

G* Open camera an ’ extend bellows until positive 

stop Is reached. 

7. Insert c-tble r lease in shutter .-.ecLanls , 

8* bot shutter control to tl e, ’’i* 1 on lens 
beaaing. 

9* Cock s utter u-*d pus’, cable release twice in 
rapid a icces -lor to cheek operatic? • T la 
operation will overexpose nbout 1/1C W of film, 
but the assurance that the shutter is oner ting 
Is well worth it. 

10. R©coc<c 30Jttor. 

11. Ad just a p © r > ture • 

12. Level tnsfcr i»e t with lower motion unci a* ped, 
and set at desired starting point* 

1C.* Clomp lo’er motion* 



Hf J* 
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14. • t t i right hard side of c ..era, 

cr write c • lt» rulc^ac ■ - oiler switch as 
nc-.r siuulit aously ’S /''sslLle, !;.# operator 
car .:©<p c:t 01 t^o field visa by valving 
to one side or be L'C the ca -cr w.„Ile it Is 
In operation,, .'.hen the instrument has com- 
pleted si f ill revolution, or the desired part 
of one, again push switch and cable release, 
stopping fet e motion of the caraora and closing 
the switch. 
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. Dwr • - -cui •’ **nt 

1* ttln, . rll 

Since all of tno cutting operation ast .e co e in 
tot -1 darkness, it ia ease, fclal t at fcho position of all 
eqiio ent used be carefully nofceu to prevent eoof .tsion and 
Iocs of ti. o. The If' 1 reel of rent ill ia best 'Ivced In 
the cutter so that fcre e ulaion (cull) slue is up as the 
film passes under tie cutting b r» false tee catter bur and 
draw the uncut fill, toward t « en^ty reels, passing it under 
the esapfcy reels until about five Inches extends beyond tho 
edge of the cutter bases. Lower the cutter bar, cl sop, and 
pull the file b;r hand toward t s o e «oty reels until the lit 
sectiona of tho fllw cone to about the edge of the cutter 
base, Llth scissors or a sharp ‘;nife cut the excess portions 
of the filn away, lea via r tho tvro six inch strips to be fas- 
tened to the empty reels and the s all strip one quarter of 
an inch wide that oo cs fro.i between the cutter blades* 

Thumb tack the nix inch strips to tk© eupty reels, 
©rails ion aid© facing Irstda, and start turning the crank 
counterclockwise. At the sane tiro, pull th® quarter inch 
strip toward th© empty reels to help clear the cutter blades* 
This is very important, since any stoppa ••© of the s. all 
strip will clog the cutter blade's ard tear th© film. If tho 
turning of th© crarw is vat into In ©d at a steady and even 
rate, the cuttlrv, should proceed rapidly a u* without tremble. 

then sufficient film has boon placed on the reels. 
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cut tho film fro®, re: ovo t.*c roels frc the craru shaft, 
and store ti e file In a 11., it tl^l.t container. 

2. Developl . , the fUn 

The clevolopln : roceas rust also be done In total 

dar’-'ness until the film hue loan In the Hypo for about five 
-.Inutes after w ioh tl o 11 t: . ay be turned on* Tils no- 
cost itatca orderly placing of the develo’-'in . equio -ent so 
ttait the filn \my be easily moved from one tank to the other 
wit.' cut loss of tl-C. 

With the equip. o- t In position and solutions In 
t tanks, remove the sii.es from the film «*a gaalne a id load 
the reversing reels that for* part of the develop.tr,; unit. 
Start tho tl-er and place the reels in tho tani. containing 
the developing solution* Hotato tho reels so t ^at the film 
ia continuously moving fro. on© reel to the otner, at a 
fairly uniform, slow speed* After the developing tl*?© Is 
completed, ru i s o the reel unit from the developing solution 
and allow the excess to drain back into the tank, flace the 
film and rools into the wash tank and allow to wash with 
running water for about two minutes, then rewove and drain. 
Next, place the unit in t o Hypo to start the fixing pro- 
cess, after about five minutes the lights nay bo turned on 
and the filn examined. Continue the fixing process for 
about ton to fifteen minutes, depending on the freshness of 
the Hypo, Remove from tho Hypo, drain, and wash in running 
water for abort forty minutes. 
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After ti.o fiU la washed, ro .ove fro tne re^la, 
hang rip by the uso of clip®, and ro ove t e e: cons *. f ‘ter with 
a photo sponge. 

hxperience ha® 1:. *c ted that the oat convenient 
len ith for dryin... Is a little over six feet, or two pictures. 
If ti e reel developed contains s ore tV-an two pictures, the 
film should be cut Into two picture sections as it is ro oved 
frc-i the reel for drying. 

3. Printing 

In the asking of contact prints, t e authors found 
the easiest method was to use a piece of plate glass so ewhat 
longer and wider than t!,c negative, and the light usee, as 
general illuclnatlcn in the darbroom for the light source. 

A largo towel was placed un er the gifts' 1 to provide good con- 
tact between tho paper, files, and This was necessary 

duo to the unevenness of t**e table top u^on which the pic- 
tures were printed. 

The solutions wore placed in three white enameled 
trays approximately 11” x 14” In sis®, and tho prints run 
through the solutions by hand. This was found entirely ade- 
quate and satisfactory since t- © density of the resulting 
print could bo closely controlled by watching the Images corse 
out under a ruby or amber eafelight* 

Kb afcte it ws® made to keep data on the length of 
exposure, or time of development, since this will vary with 
the density of the negative, tho strength, location, and po- 
sition of the light source, and the strength of the developer* 
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The beat way to cave* for those factors i> to use a teat 
strip of o*»per and rocaaa It In tic uo «•! wmer* ’Ixln^, 

w s usually c Tried on for •"> ?o t ten Irmtet as t it* tl .» 
was found sufficient for t ie urpoa© of the rints. it. cu a 
t • • - t’ ora had -o trout 1« wit": tl. t f ix! n* bath, it ! •• .ood 
tec % - Iquo to chock the bet" ^it: a teat kit ever- a . offc<. r. to 
be s*are that the fixer 1ms : ot been exhausted* 

4* ..oad In ~ the ca -era 

This asoin.os that the fil fas already been cut to 
the correct width for the film spools -in the fil • .’.a -sine* 
The authors followed the procedure of allowing *bo't a foot 
for leader an 1 a foot for trailer which gave plenty for 
clipping to the reels of the developing taciJlne* *lfch this 
in . ind, and re ,ei:bcrln£ t" t all the lo-din., opera tl -. ns ,ust 
be done in total darhness, proceed as follows: 

Lay tbe flic aagaaino on its bae*. with the too 
facin', the operator and re. ove the two side plates* Chock 
tie notion of the reels and sprocket drive drum by turning 
over by hand . 

hit", the correct length of fil© ready to load, 
fasten tie film to tie loft hand reel with tv.ro pieces of 
scotch drafting tape, emlalon cldc toward the reel* dado 
sure ti nt perforations in t x e fil© arc adjacent to the bot- 
tom flange of the reel. 

Turn the reel in such & direction as to wind the 
fil© on to the reel* During the winding operation it oay bo 
advisable to remove the tension spring fro© tho shive, but 
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do 







l£* VI i -2 Side view of canora with aid© plates 
r ©coved a hawing fils in position around sprocket 
drun and take-up reel* 




as sr'i- »s Ir.ir l» co replica the ejrh:; or t c 

file* will !*/*. - Ifti.ddAcy to jiu ind fro.. the re<>l. 

.It . - *clr 0 / «ol sore, cat of abc-t t .« fir 1 1 
©1 ht laches of t e perforation# »:h elide tnc fils between 
tae pi* to : r Lug tht focal 1 •;<. slit a..u the s-roc .ot dr u. • 

This eey oo facility ted by pressing tie focal rlene sl't 
eligr.tl; toward tn© front o: the ca cn, 

~>raw the f'l* through until tho per for* tiers en- 
a e the swffc teeth, then secure the file, to the t* r e 
up reel in the s«.;© i.a^ner as previously do- critoeC, onulsion 
f acini* t .e reel. 

Dy hand, turn the s.ii«lX .jenr fantc.ifKl to tue sivffc 
of the sprocket drun in tfco ao«c direction as it ¥*: 11 turn 
when the camera io in o. -oration. Cheoh tho taho up reel to 
soc t; at flic- is beinj handled correctly. 

Heplace tho sic© plates and tighten the tVsaisb nuts 
securely by hard. The fil s?a asir.e is no- ro^-dy lor operation. 
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0. Plotting 



All control points fron wuich exposures have been 
oado arc first plotted on fcne ...a p s..ect by the use of coor- 
dinates or any other standard netued of plottin control* 

Prints of pictures mde at txo adjacent stations 
aro then secured to a druvrlru, ooard over a bac*rin s', eet# 

Each nrint conteir.3 at least one object of imowi bearing; 
tie ;rid3 aro therefore placed over the prints so that this 
ob jvcfc falls at tne proper distance fro*: a vertical .rid 
line to permit the jrld 1’nes to represent even decrees of 
true uearln^. ror example* If a j.nown object rero at bearing 
30° - SO’, the hisown cdjcct should oe located hall ray be- 
tween two vortic: 1 lines* The vertical lines are then identi- 
fied over; five or ten depre s by noting tno bear!-, n the 
lines represent on t’.o b-«c in, sheet. (If t. e rt' visions wore 
labelled on the overlay .rids, tho grids would aiuost surely 
have to be tra sf erred d ring plotting or w rids nearly seven 
feet long wcold have to be use.) 

Any other point nay be Ire* tod on the ■ an/s l nly 
reading t e beering frov the first nlctar© arc- grid, and 
plotting a. line cf t- at bearin ’ fro.« fc-.c control point or. 
t e .np from w-’-P ch that nict.re was fcaben, the: reedin' the 
bo -ring o the a :e object frov. the second picture end ^rld, 
and plotting its be ring f ro- t the control point fron which fc „c 
second picture w-ns ade, ©tier points rr r locate* until tbs 
io.o la completed. It Is rrcov f^»'-ed ivt n y or* 1 object bo 
located cn ipletely on the tap before plotting bearing* to 
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other objects. This procedrc eli'irmtea t o necessity 
of -'uraberinj or of erwioe Identifying, for tLc sa-o of 
plotting, any c cot control oolnts at any tl durin * f e 
course of fiolt or office wor-. 3y us In.;, a uniter sal 
draft In,; *ic" Ine for ulotfcl -©srin-e, tbo srcrk i.*/ oe cmdo 



to proceed quite raoldly. 
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oo far as the * ituors t "V8 teen aole t: learn 
from their invcn tig*, t? 0^3 , t * on *era x-rfor-.a the f. notions 
it was designed for fairly eutisfeetorily, jut it If f«r 
frcsr. ideal. The folio* lu ; a j ;e^ ti-nm bo helpful to an.-* 
one wio in£, tc proceed further with wore, 

1 * T e leis « ic abutter assembly Igut well be 
fixed - ere rigidly wit;: respect to the film ’agar.iuc, par- 
ticularly if th* camera is to . e used for elf, rat Ion detcr- 
• Inationa * 

2. i arufncfcurera will, 11 given s;fflcier.t tine, 

supply roll file o.’. \j wltft , weight, emulsion by oe , and 
perforation spacing wit: in rc -son. The flih; used v .0 
satisfactory as to weight a: v, cwilslcn type, but r. s »bout 
If l/£" wide. The C 1 / 4 " vldth to *■**• ic' it >».* cut is con- 
sidered a reasonable dimenel at least for use with a 

IvO r> . focal length Ions system. however, cutting it thus 
loft perforations on one ©03a only, for best results, the 
fils s' Quid have perforations on both ec ,es anu the c*t. era’s 
film drum should have sproc uts to engage both sets of :?er- 
fore t ions. 

3 . Some provision c odd be ado to eliminate 
bachlash in the driving gears. A reduction in motor supply 
voltage might bo fc. o answer, surprising as it may sacra, th© 
use o_ a l/lOO horsepower motor constituted ovor-uotorlu , 



duo to t..o very oo. i *lder*,blc year reduction 



The motor was 
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a ; * •••rovfcl;/ ao li; 1 1: * loaded th*»t it» spa'**. 1 . 1! *'te: 

^' r ly by It*? W/' rlctiw* b*>e! t of, tho vertical 
li . t etr- *»Va on. the print* *y have hear du* to t : fact 
t.iat i^otor a ' t*j o?. to l.wifc* A frictl -a d r-y :*r. ca-i.*ra 
» felon ;t ‘>o "*r ''•al'f.tion h*.« t' • 'r* Ion. 

4. If .'1 plotting if. coitc Into- , i>. 

©ley* felon jrld ln*nrlbt i i-> t V celluloid auc cc-cring 
the slit In fro ;t o tho filia dru. you If bo . ah to ac- 
curacy in elevation u olefin ‘tilers , si ce the film ray ride 
up and down « snail distance on the cru„. .it is rrcc c ded 
that such a ,r,vlC be calibrated in tangents of vortical 
an,les, bot v to sell! tafce interpolation >«u . to aininisa 
C' lcula tiers# 

5* If a cc ,pletel„ ns? ca. era design were con- 
fcoripl&tad, tnc substitution oi najneaiuw for alusiirum and 
tie substitution of caatinys, finish esc lined as required, 
for the pi " te-and-an^l* type of corn fcructlon, wo. It to worth 
serious consideration, A conaloeratle red-.ction In wei :ht 
and Injprovauonfc in rigidity, and possibly setter ssecusnical 
balance and outward appt. • ranee rulpp.t result. 



Alt .aa..y. t o oxc-crie c« In fc,„e Held v It t o 
equipment previously i-.cntlo«c >.e far fr ■ : tc lire, t c 
ante ors bellevo t at t o field practice- a* set f -rib In 
r>octl'*'- V- Is falrl; *4: equate f r t e wr ec lute yied* 
o over, tier® are ccrtais r o- cotiMi t.Vt :»t t jC ad- 
vantageously noted at tills tt »©* 

tith regard tc tho tar ;ete used, r**r:.-_e ;olca r! tfc. 
cardboard square® faster oti near the ton, tie 11. It of visi- 
bility seems to be b* 'tween one bur.: red s» one hurlred ar«J 
fifty yards* If the ca or* i® to bo used in terr®ir vh*j re 
longer sights are conte .plated, it voula see ■ advisable to 
use ott er a larger t« r^et on the n je pole, so < type of 
flu 3, or & lar^e clearlj c efir.ed object, is. house, corner 
of build in i,, etc., for o r <c station In fete control* 'nd»r 
so;o circ-- stances, ocou ntion of the »oinfc is* qucDtir- 
nitf-’t not be possible but «t least distance to it oc 1 be 
measured. 

Oho point t:.at past be o^poasiKod is tic necessity 
for nlacln r the t r.p-'ts so that tl ey *rtll V ir. t c correct 
lirbt to photograph trail. Since the accuracy of the ' ric 
depends on the ease with which objects ray bo id© tlfi-id 
on t' e photograph, it Is essential that they be clear and 
distinct. It is t. erefore r coops ended that whenever possi- 
ble targets be pieced so t ic t * rill reflect li w ht toward the 
camera. It was found th*t t rrete placed under trera, or in 
generally shaded area® a owed up very roorly, or net at all* 
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O ' ■. vo--il re* *t -'ill bent t-' rare 

o:.ot c_T- lc x-.no 1 V-* Wtflfl of t v « tin. .tr.ever ponsl- 
bio. If t o s>m ’• too lov to t o »<y t’ re **11 be cc n- 
sldor* 1 <i o--er ioa 7« recant »r: en the cw. e~*« I-j :%iln* 
ir the Irecfct n o;‘ greatest 11 .at. -Airing ti-* aiddlo of 
t o day general all aro ,n.. 11 siting co Itlons -.'.ere found 
to bo bettor thru ;lvin -attar icfcnros. ferp ^rosiest &e~ 
tail, however. It z a fo «. t:*t a slight ovorc st .. a tot- 
ter turn a jrlllUr.t tun. evideitlj ritc.-s fro a t o 

fact t ot 11^. t Intensity la about tfce itn .a, out dee t the 
overcast, shadows do not jrcdoatlna to. 

An orposura writer ^ e • great ai- i it-, deter -1:1 m,; 
tt e correct lens opening, aiO It Is suggested fc *>t one bo 
used wheaever nos a Vole. he -ut. ora found fu t using a 
General Icctrlc fll. speM of 100 and pic V v , the ler.s 
opening correspond lug to a a cut ter speed of one hur.dre th 
of a second gave good results with he ro-type fils tVl ms 
available* 



G. 'orkrocn 



Alt .ough no serious trouble w.*s experienced in the 
dar. rooi , few things vero notice! tt et '*1 ,.t be classed 
as outside the usual run of darkroom procedure. 

Since t5 © negative from the camera le longer than 
the usual negative used to wake contact prints, sotao dif- 
ficulty was encountered in >rovidin^ a method w.dch would 
Insure complete contact between the film, paper, and glass 
plate. To expedite printing, a large bath towel was placed 
on tho table and the paper, film, and glass nut on top of 
the towel. This provided sufficient fill for the unevenness 
of the table top to eliminate the poor contact. If a great 
number of prints were to bo -ado, it Is thought tlefc a long, 
smooth board, finished to provide a true surface and covered 
with felt would provide a hotter answer to tho problem. 

In this case the problem of Illumination for tho 
contact prints was wet by using the lighting fixture In the 
darkroom. Tho light was satisfactory for rough work, te.it 
in cases whore the density of the negative varied considerably 
light of this kind proved Inadequate, Tho answer to the 
problem undoubtedly lies in providing a type of Illumination 
m Ich can be varied along the length of the negative to meet 
t ■ Is changing density. One thought along this line was to 
equip a long member with three or four light sockets with 
Individual switches. This would allow the light to bo very 
closely controlled at tho will of the operator, and operated 
In conjunction with a standard electrical photographic en- 
larging tli.er would give excellently controlled prints. 
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RtSULTI) AKD GOllCIilSIO’-iS 



RESULTb A: j CO. CL.OIOK3 



It is felt by the authors that the design and 
development of a camera capable of tc ing a co-plate and 
continuous picture for t' r< o hundred and sixty degrees 
around a noint, and t v c aopllcatior. of t’"o resultant pic- 
ture to terrestrial photo ^pam .etry represents a decided 
stop forward in this field* 

As pointed out in the introduction, the long and 
laborious process of plotting from several photographs 
combined with the orienting procedure necessary with in- 
dividual prints has been replaced with the continuous 
picture and transparent overlay. 

The fact that a snail area was photographed and 
raaoped in a fraction o' the time that ordinary surveying 
noth ode would ta<-e encourages the thought t. at this 
method may possibly have greater uses* kith one ,occ 
day in the field, the p.. ofcograpnor can bring in enough 
data to keep the office ousy for a period of several days. 

Although the Initial outlay for apparatus such 
as this, and t :« necessary facilities for developing and 
printing will run rather 11; , it is t .ou^ht that for 
oo'ic eorcero specialising in this type of v/crh considerable 
saving night be realised. ©t only will the actual 
tin© spent in mapping bo less, the attendant cost of 
field parties will be- materially reduced. 
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